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Abstract 
Purpose. The main objective of this study is to evaluate, using a life–cycle approach, the carbon 
footprint of the intensive apple orchard system in Chile. Additional objective is  to identify the 
factors that contributed significantly to the greenhouse gas emissions of this agricultural system  
Methods. The method used in this study is according to the ISO 14040 framework and the main 
recommendations in the Publicly Available Specification (PAS) 2050. The system boundaries 
included all the life cycle stages from the cradle to the farm gate (harvested apples), consistent 
with the business-to-business approach indicated in PAS 2050. The apple production analyzed in 
this study corresponds to nationwide representative practices.  
Results and Conclusions.The results indicate that carbon footprint of the Chilean apple orchard 
production, under typical agricultural conditions, is 0.045 kg CO2 equiv./kg apple. The mineral 
fertilizers (which include their field emissions) is the agricultural factor that presents the highest 
contribution (49%) to carbon footprint of the apple production. In contrast, packaging waste has a 
minimum contribution; this factor contributes less than 5% to the greenhouse gas (GHG) 
emissions. The application of the life–cycle approach helped to identify improvement measures to 
reduce GHG emissions of the orchard production system. 
Key words: apple production, greenhouse gas emissions, mineral fertilizers carbon footprint, Chile  
1 Introduction 
Chile is a major off-season fruit supplier and covers a significant portion of fresh fruit imports 
made by the United States, the European Union and Japan. Chile is the largest southern 
hemisphere producer and exporter of apple (Centro de Competividad del Maule 2000). Estimating 
carbon footprint of agricultural systems is becoming an important issue for country‘s horticulture 
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sector. The term ―carbon footprint‖ stands for the total sum of all greenhouse gas emissions caused 
by a product‘s life cycle. Growers in Chile need to measure the carbon footprints of their products, 
allowing them to satisfy consumer demand for the information and improve their production 
processes.  
This study presents the results of the estimation of the carbon footprint ofChilean apple under 
intensive orchard production.  
 
2 Methodology 
2.1 Goal, scope, and functional unit  
The main objective of this study is to evaluate, using a life–cycle approach, the carbon footprint of 
the intensive apple orchard system in Chile. Additional objective is to identify the agricultural 
factors that contributed significantly to the greenhouse gas emissions of this system. The study 
area corresponds to the region of Maule; the main apple production zone of Chile. This region 
produces an average of 62% of the apple of the country. The study is according to the ISO 14040 
framework (ISO 2006) and the main recommendations of the Publicly Available Specification 
(PAS) 2050 (BSI 2008). The functional unit is the production of 1 kg of apples under intensive 
practice in Chile.  
2.2 System boundaries  
The study is a cradle-to-farm gate LCA. The system includes all the agricultural stages up to 
obtaining the apples in the orchard. The agricultural factors evaluated in the system are: (1) 
fertilizers, (2) pesticides, (3) electricity consumption, (4) waste of apple production and (5) diesel 
consumption for agricultural operations and for application of agrochemicals. 
2.3 Data on agricultural inputs 
For foreground system, primary data are used to carry out this study. The primary data are 
collected directly from local grower though interviews, questionnaires and on-site measuring. The 
agricultural inputs collected in the study correspond to representative practices used in Chile.  
For background system, secondary data (e.g. manufacture of fertilizers and pesticides) are obtained 
from ecoinvent database (Frischknecht and Rebitzer 2005), with Chilean electricity production 
mix incorporated to reflect local conditions. 
2.4 Emissions of nitrous oxidefrom application of fertilizers and evaluation of land use 
change  
One of the major concerns in the net balance of greenhouse gas emissions of agricultural products 
is the nitrous oxide (N2O) emissions produced during and after growth of the crops. In this study, 
the N2O emissions from the application of fertilizers are estimated based on default emission 
factor from IPCC guidelines (IPCC 2006). 
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In relation to the land use change (LUC), according to the PAS 2050 (BSI 2008), LUC from less 
than 20 years are taken in to account. In our case, the orchard under study date back from more 
than 20 years. 
2.5 Method for assessing GHG emissions 
The CCaLC carbon footprinting software program (CCaLC 2012) has been used to model the 
apple orchard system and to evaluate the GHG emissions. For GHG emissions, this program uses 
the methodology defined by PAS 2050 (BSI 2008). 
 
3 Results  
The results indicate that carbon footprint of the Chilean apple orchard production, under typical 
agricultural conditions, is 0.045 kg CO2 equiv./kg apple. The results are in agreement with those 
obtained in commercial orchards in New Zealand by Milài Canals et al. (2006). The mineral 
fertilizers (which include their field emissions of N2O) is the agricultural factor that presents the 
highest contribution (49%) to carbon footprint of the apple production (see figure 2).  The waste of 
apple production has a minimum contribution; this factor contributes less than 5% to the GHG 
emissions. 
 
 
 
Figure 1 Contribution of the agricultural activities to GHG emissions of the apple orchard 
production in Chile 
4 Conclusions 
It was found that, in Chilean conditions, the carbon footprint of apple production is 0.045 kg CO2 
equiv./kg apple. The mineral fertilizers contribute significantly to GHG emissions in the apple 
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orchard system. In order to identify measures for reducing the carbon footprint for Chilean apple 
production, other sources of fertilizers should be environmentally evaluated, such as organic 
fertilizers (e.g. local livestock manure) and field emissions of N2O should be reduced. 
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